Abstract. SIMBAD is a bibliographic added-value database on astronomical objects, where the data on individual objects are cross-identified as far as possible. The data comes exclusively from what has been published by the scientific community. To treat large tables, the work is done semi-automatically with the help of a customized software. Since 2014, we are using a new one, called COSIM (Comparison of Objects for SIM-BAD). It meets the new requirements which is a consequence of the evolution of the available astronomical data. It has increased in number, accuracy and diversity. On the basis of the data presented in a published table, COSIM searches for objects that are already known in SIMBAD, by name or by coordinates. A combination of scores based on the available and comparable parameters, like the main object type, coordinates, velocity and magnitudes, suggests whether the candidate is good for cross-identification or not. As soon as the result of the search is clear, indicating that there is either no matching candidate or only one good candidate, COSIM creates the commands necessary for updating the SIMBAD database. The documentalists can act on the method of calculation of each score, according to the nature of the objects in the table. Thus, with COSIM the documentalists manage to obtain a good cross-identification level with a minimum risk of omitted or false cross-identifications in a relatively short time compared to the treated data number.
The SIMBAD database
The SIMBAD database 1 is a service offered by the Strasbourg astronomical Data Center (CDS) 2 . It was created in 1979 and has been maintained since. It is a bibliographic added-value database on astronomical objects outside the solar system, searchable via the Internet.
SIMBAD provides basic data, identifiers, bibliographic references and observational measurements on astronomical objects. All data comes from the scientific literature [6] . SIMBAD now contains about 9 million objects and 24 million identifiers for 330,000 references. This research tool is complementary to VizieR, another database maintained at the CDS, containing long lists of objects and large surveys. 02004 (2018) https://doi.org/10.1051/epjconf/201818602004 LISA VIII SIMBAD is constantly maintained and updated by a multi-skilled team, including astronomers, documentalists (also called information scientists) and computer scientists [1, 2] .
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The documentalists' work
One of the characteristics of SIMBAD is that the information on an astronomical object is gathered together. That means there is a difficulty: the cross-identification. As the authors do not always designate their objects with a standardized name, identifying them is a challenge that the documentalists who update SIMBAD constantly face. For each object, we have to answer the question: which object does this name designate? Is it already in SIMBAD or is it a new one?
For each object name found in the article (in the text, in the abstract, in a figure, in a table. . . ), SIMBAD is searched to see if it is already known. Two searching modes are used:
• first by identifier, if necessary with the help of the Dictionary of Nomenclature 3 made at the CDS [1] ;
• if the identifier is not found, a search is made around the coordinates (when they are given). At the beginning of SIMBAD, the number of volumes was reasonable and the documentalists could afford to read the whole article, looking for astronomical objects in the text, the figures and the tables. We thus updated SIMBAD manually till the 90's [3, 4] .
Then a software was developed and from then on, long lists of objects have been treated in a semi-automatic manner. From that moment, the documentalist team has been specialized into two branches: one for identifying objects in text, and one for dealing with the long lists [2] .
Each of the two team branches has adapted itself to the evolution of the available astronomical data that have increased in number, accuracy and diversity:
• For the processing of texts, a software was created in 2008, DJIN [1, 5] , in order to assist the detection of object names. The branch became the DJIN team.
• 
The operational COSIM software
The aim of COSIM is to help the documentalists to enter long lists of astronomical objects into SIMBAD. It is a software written in Java language. Starting from a dedicated format table, it will search SIMBAD for good cross-identifications, through a direct link to the database. At the end of the process it will write update commands.
The place of COSIM in the whole procedure
It is first important to emphasize that before and in parallel with the automatic work, there is a lot of human work, too. That's why we generally speak about semi-automatic work. We present in figure 1 the complete COSIM team procedure. First, in a weekly meeting between astronomers and documentalists, a list of priorities is discussed and it is decided which data are likely to be put into SIMBAD. As a result, the documentalist gets a small notice (step 1), that allows her to extract the useful data for COSIM. It is in this phase generally that the Dictionary of Nomenclature is consulted, EPJ Web of Conferences 186, 02004 (2018) https://doi.org/10.1051/epjconf/201818602004 LISA VIII to re-write identifiers if necessary. A file is given to COSIM (step 2). COSIM consults SIMBAD to search for cross-identifications and returns an output file (step 3). This file is analyzed by the documentalist. This is an important part, which is sometimes long and difficult. Not only does the documentalist use whatever tool or database she has at her disposal, such as SIMBAD, VizieR, Aladin and others, but she also consults her colleagues (other documentalists, astronomers, sometimes the computer scientist) or authors. Sometimes some preliminary manual updates are necessary. The documentalist adjusts the parameters (step 4), until COSIM writes update commands for all objects of the list. The update in SIMBAD can be then automatically done (step 5). 
The COSIM software overview
COSIM searches SIMBAD for cross-identifications by identifier and/or around the coordinates. Then, each candidate found is compared to the entering object. To do this, a score is attributed to each comparable parameter, such as the object type, the coordinates, the velocity, the magnitude. Then all those scores are combined in order to evaluate the candidate (is it good for cross-identification or not?). According to the number of good candidates found, a decision is taken: to create a new object, or to update an existing one. Or, no automatic decision can be taken and the case is to be analyzed by the documentalist.
The object search in SIMBAD
COSIM searches SIMBAD for the object first by identifier and if not found, it searches around the coordinates. The search radius is automatically adapted to the accuracy of the coordinates in the table. But it can be modified. For example, for a table of galaxy clusters, one will search a larger area. 02004 (2018) https://doi.org/10.1051/epjconf/201818602004 LISA VIII On the contrary, for deep field observations, one will search a smaller area. One can also decide to force the search around the coordinates, even if the object has been found by an identifier. In certain circumstances this can be useful, for example in order to look for mergers in SIMBAD.
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As a result, one has a list of SIMBAD objects, either found by identifier, or that lie in the search area, or both.
The comparison
The scores attribution and calculation
Each candidate is attributed some scores: one for the object type (OT), one for the coordinates (COO), one for the radial velocity or redshift if any (V), and one for the magnitudes if any (M). In some very particular cases, one or two more scores are introduced: one which tests the presence or absence of an acronym among identifiers (ACRO), and one which tests the presence or absence of a reference among the bibliography (B).
The OT score is basically the result of a compatibility table between object types. For example, if the candidate is a star cluster whereas the entering object is a star, the score returned is -1; if the candidate found is a young stellar object candidate whereas the entering object is a young stellar object, the score returned is +1. One has the possibility to modify the results of the compatibility table, at will. For example, one can decide to consider a star and a galaxy as compatible, because the objects are point-like objects in a deep field and no human check has been done.
The COO, V and M scores are all three the result of a formula, that takes into account the uncertainty of both sides, the σ, ∆ being the difference between entry and SIMBAD.
The σ is generally given by the authors; if not, we estimate it, according to the instrument used and the wavelength, but also according to the object type. Indeed, for extended objects, we will artificially increase the coordinates sigma.
For each score there are two limit values (see figure 2 ): a minimum, under which the score is low, a priori for bad candidates, and a maximum, over which the score is high, a priori for good candidates. Between both, the score is said to be medium. The role of the documentalist is here to adapt those two values, in order to minimize the medium zone. Of course the best situation is when one can let coincide the minimum and the maximum, so that the score is either low or high.
The possibility of determining minima and maxima for each parameter separately is a new thing offered by COSIM. Thanks to this one can, for example, accept large differences in velocity but only for a very low distance.
The combination of scores
Once each comparable parameter has led to a qualified score, COSIM will combine the scores in order to give a status to the candidate.
All the calculated and not ignored scores are taken into account for the candidate evaluation. The OT and COO scores being considered as essential ones, as soon as one or the other is low, the candidate is labeled "bad" (see figure 3, c) . It is not the case for the V and M scores: if one of the two is low whereas all the others are high, the candidate remains labeled "undefined" (see figure 3, d) . In order to label a candidate "good", all of its scores must be high if it has been found with a search EPJ Web of Conferences 186, 02004 (2018) https://doi.org/10.1051/epjconf/201818602004 LISA VIII Figure 2 . The limit values for each score around the coordinates (see figure 3, a) ; or, all of its scores must be at least medium if it has been found by identifier (see figure 3, b) . Actually, we are more confident when the candidate is found by identifier, because one can think that the author has already done the cross-identification work.
In order to reduce the number of cases where the software cannot automatically label the candidates either "good" or "bad", the documentalist has at her disposal some options. One can decide to ignore one score (because we estimate there are measure errors, or we estimate that the parameter is not a good comparison criteria for this sort of object). All candidates with this low score can be then nevertheless labeled "good" (see figure 4, a) . One can on the contrary decide to attach a great importance to one score, as for the OT and COO scores. This time, all candidates with this low score will be labelled "bad" (see figure 4, b) . In some particular cases, where the cross-identifications are very delicate, one can decide to attach even more importance to one score, by asking to cross-identify only if the corresponding parameter is present (see figure 4, c) .
The update decision
According to the number of good and bad candidates found and when an automatic decision can be taken, the software writes update commands. Here is the exhaustive list where the automatic decision can be taken:
• No candidate has been found, neither by identifier nor around the coordinates. COSIM writes update commands to create a new object in SIMBAD.
• No candidate has been found by identifier, and all candidates found around the coordinates have been labeled "bad". COSIM again writes update commands to create a new object in SIMBAD.
• One or several candidates have been found, either by identifier or around the coordinates, but only one has been labeled "good". The others, found around the coordinates, have been labeled "undefined" or "bad", it does not matter. COSIM writes update commands to update the SIMBAD existing object. At the end of the analysis process, all objects entering the table should lead to one of two decisions (new object created or existing object updated). But before reaching this ideal situation, a lot of various, problematic cases can be encountered. (2018) https://doi.org/10.1051/epjconf/201818602004 LISA VIII Figure 3 . Examples of candidate evaluation by default: candidates which are labeled "good" (a, b); candidate which is labeled "bad" (c); candidate which is labeled "undefined" (d).
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Basically, numerous combinations exist where the automatic decision is impossible. Nevertheless, thanks to the good comparison criteria used by COSIM and thanks to the physical character of the data, they do not happen so often and the situation is generally manageable. We have to analyze zero to ten percent of the entering objects manually, knowing that the size of the tables we treat is generally between several hundred to several thousand objects. If too many objects would need an individual analysis, we prefer to miss some cross-identifications and create more new objects.
Among the cases where no automatic decision can be taken, a few ones are notable:
• the "Possible Merger": two (or more) candidates have been labeled "good". The software cannot choose and has not been programmed to do the update on several objects. Actually, even if the "possible mergers" put a break on the automatic update decision, they are interesting, because they allow us to "tidy" SIMBAD. Thanks to the great possibility of COSIM to refine the comparison parameters, we can really rely on COSIM for detecting those cases, and only a small portion are wrong. SIMBAD has been improved by a lot of mergers since the use of COSIM.
• the "Conflict": the author has given several identifiers for one object, and they correspond to different objects in SIMBAD. Here again, the "conflict" puts a break on the software process: COSIM can't choose. The documentalist will analyze the situation, helped by the status given by COSIM (it can be at the same time a "possible merger") and do modifications, either in the input file, or directly in SIMBAD.
EPJ Web of Conferences 186, 02004 (2018) https://doi.org/10.1051/epjconf/201818602004 LISA VIII Figure 4 . Examples of candidate evaluation with options: candidate which is labeled "good" (a); candidates which are labeled "bad" (b, c).
• the "Already Connected": the same SIMBAD object is labeled "good" for a second entry in the same table. As we suppose that all entries of the table correspond to different objects without repetition (unless it is clearly written), COSIM is not authorized to update twice the same SIMBAD object. In all of these three cases and others, the documentalist will analyze the situation and give the appropriate answer so that COSIM will be able to write update commands in the next step:
• either in adapting the criteria of comparison in COSIM, if not already done (modifying the search radius, the sigma in the formulas, the limit values of each score, or adding options);
• or in doing some individual modifications, either in the input file, or directly in SIMBAD. The latest intervention being time-consuming, the first will be as far as possible preferred.
Statistics and sorted lists
With a list of several hundred or several thousand objects, it would be impossible and counterproductive to check whether the automatic decision is correct for each object. So to help us in the analysis of the output file, COSIM provides statistics and sorted lists. In one glimpse, we have the number of "Possible Mergers", the number of "Conflicts", the number of "Already Connected", and the number of different final decisions: NEW, UPDATE on a candidate found by identifier, UPDATE on a EPJ Web of Conferences 186, 02004 (2018) https://doi.org/10.1051/epjconf/201818602004 LISA VIII candidate found around the coordinates, UNDEFINED cases. And overall, we have information that really matters in the process: a list of the nearest candidates which have been rejected, and a list of the furthest candidates accepted for cross-identification, both lists being ordered by object type. This allows us to check if the level of cross-identification is correct.
Conclusion
The COSIM software is an essential part of the SIMBAD operations, with the main advantages being that:
• all the parameters in the comparison are adjustable
• statistics and sorted lists give a precious help
• it is faster than the precedent software As a result we can rely on these automatic parts of the process, allowing us to use precious time on aspects that need human expertise. Also, by using COSIM we can treat more objects and have confidence in the quality of the cross-identifications. COSIM is thus an important update of CDS procedures that helps us to address the increasing volume of published data. It is also important to understand that while COSIM is a useful tool, the global process must be driven by real people with expertise in astronomy and documentation, which remains essential.
